r. 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 510 827 A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) lntCl7: G01R 1/067 




02.03J2005 Bulletin 2005/09 


(21) 


Application number: 04078167.6 




(22) 


Date of filing: 13.04.1999 




(84) 


Designated Contracting States: 


♦ Chablneau, Scott D. 




AT BE CH DE DK ES Fl FR GR IE IT LI LUMCNL 


Pomona, California 91767 (US) 




PTSE 


• Johnston, Charles J. 






Walnut, California 91789 (US) 


(30) 


Priority: 18.02.1999 US 253320 








(74) Representative: Eke, Phlllppa Dlanne 


(62) 


Document numbers) of the earlier application(s) in 


Saunders & Do I ley mo re, 




accordance with Art. 76 EPC: 


9 Rickmansworth Road 




99302847.1 / 1 037 055 


Watford, Hertfordshire WD18 0JU (GB) 


(71) 


Applicant: Delaware Capital Formation, inc. 


Remarks: 




Wilmington, Delaware 19803-2755 (US) 


This application was filed on 18 - 11 - 2004 as a 






divisional application to the application mentioned 


(72) 


Inventors: 


under INID code 62. 


• 


Vintner, Gordon A. 






Pasadena, California 91107 (US) 





CM 
00 

O 



(54) Spring probe 

(57) An external spring probe is provided having a 
first section 1 20 and a second section 1 22 which extend 
and compress relative to each other. The first section 
consists of a tip 124 at one end and a first contact com- 
ponent 128 opposite the tip. A flange 126 extends radi- 
ally outward between the tip and the first contact com- 
ponent. The second section consists of a tip 124 at one 
end and a second contact component 128 opposite the 
tip. The second contact tip is in contact with the first con- 
tact tip. A flange 1 26 extends radially outward between 
the second section tip and the second contact compo- 
nent. A spring 16 is sandwiched between the two flang- 
es surrounding the two contact components. The first 
and second contact components remain in contact with 
each other during compression and extension of the two 
sections. 
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Description 

[0001] The present Invention relates to electrical con- 
tact probes forming electrical Interconnects and, more 
particularly to spring-loaded contact probes, having 
springs externa! to the electrical interconnects formed 
by the probes, which are used In electrical testing appli- 
cations such as providing electrical contact between di- 
agnostic or testing equipment and an electrical device 
such as an integrated circuit under test. 
[0002] Conventional spring-loaded contact probes 
generally Include a movable plunger 2, a barrel 3 having 
an open end 4 for containing an enlarged diam eter sec- 
tion or bearing 6 of the plunger, and a spring 5f or biasing 
the travel of the plunger in the barrel (FIGS. 1 A and 1 
B). The plunger bearing 6 sildably engages the Inner 
surface of the barrel. The enlarged bearing section is 
retained in the barrel by a crimp 7 near the barrel open 
end. 

[0003] The plunger Is commonly biased outwardly a 
selected distance by the spring and may be biased or 
depressed Inwardly into the barrel, a selected distance, 
under force directed against the spring. Axial and side 
biasing of the plunger against the barrel prevents false 
opens or intermittent points of no contact between the 
plunger and the barrel. The plunger generally Is solid 
and Includes a head or tip 9 for contacting electrical de- 
vices under test. The barrel may also Include a tip op- 
posite the barrel's open end. 

[0004] The barrel, plunger and tip(s) form an electrical 
interconnect between the electrical device under test 
and test equipment and as such, are manufactured from 
an electrically conductive material. Typically the probes 
are fitted In cavities formed through the thickness of a 
test plate or socket. Generally a contact side of the elec- 
trical device to be tested, such as an Integrated circuit, 
is brought into pressure contact with the tips of the 
plungers protruding through one side of the test plate or 
test socket for maintaining spring pressure against the 
electrical device. A contact plate connected to the test 
equipment Is brought to contact with the tips of the 
plungers protruding through the other side of the test 
plate or test socket. The test equipment transmits test 
signals to the contact plate from where they are trans- 
mitted through the test probe interconnects to the device 
being tested. After the electrical device has been tested, 
the pressure exerted by the spring probes is released 
and the device is removed from contact with the tip of 
each probe. In conventional systems, the pressure is re- 
leased by moving the electrical device and probes away 
from one another, thereby allowing the plungers to be 
displaced outwardly away from the barrel under the 
force of the spring, until the enlarged-diameter bearing 
of the plunger engages the crimp 7 on the barrel. 
[0005] The process of making a conventional spring 
probe involves separately producing the compression 
spring, the barrel and the plunger. The compression 
spring Is wound and heat treated to produce a spring of 



a precise size and of a controlled spring force. The 
plunger is typically turned on a lathe and heat treated. 
The barrels are also sometimes heat treated. The bar- 
rels can be formed In a lathe or by a deep draw process. 
5 All components may be subjected to a plating process 
to enhance conductivity. The spring probe components 
are assembled either manually or by an automated 
process. 

[0006] To assemble an Internal spring configuration 

10 spring probe shown In FIG. 1 A, the compression spring 
is first placed in the barrel, the plunger bearing 6 Is then 
Inserted Into the barrel to compress the spring, and the 
barrel is roll crimped near its open end forming crimp 7 
to retain the plunger. In assembling an external spring 

is configuration spring probe shown In FIG. 1 B, the spring 
Is placed over the plunger and rests against a flange 
surface 8 formed on the base of the plunger tip 9. The 
plunger bearing is then inserted into the barrel and the 
barrel is roll crimped forming crimp 7 for retaining the 

20 bearing. The spring is sandwiched between flange sur- 
face 8 and the rim 1 1 of the open end of the barrel. Some 
internal spring configuration probes consist of two 
plungers each having a bearing fitted In an opposite 
open end of a barrel. The two plungers are biased by a 

25 spring fitted in the barrel between the bearings of each 
plunger. 

[0007] As can be seen the assembly of the probes Is 
a multiple step process. Considering that probes are 
produced by the thousands, a reduction In the equlp- 
30 ment and the steps required to produce the probes will 
result in substantial savings. 

[0008] An Important aspect of testing integrated cir- 
cuit boards Is that they are tested under high frequen- 
cies. As such impedance matching is required between 

35 the test equipment and integrated circuit so as to avoid 
attenuation of the high frequency signals. As discussed 
earlier, the probes are placed in cavities in a test socket. 
Due to the numerous probes that are used In a relatively 
small area In the socket, the spacing between probes is 

40 minimal making impedance matching inf easibie. In such 
situations, In order to avoid attenuation of the high fre- 
quency signals, the length of the electrical interconnects 
formed by the probes must be kept to a minimum. With 
current probes, when the interconnect length is mini- 

45 mized so is the spring length and thus, spring volume. 
[0009] A spring's operating life, as well as the force 
applied by a spring are proportional to the spring vol- 
ume, i.e, the spring wire length, the diameter of the wire 
forming the spring, and the diameter of the spring itself. 

50 Consequently, the spring volume requirements for a giv- 
en spring operating life and required spring force are in 
contrast with the short spring length requirements for 
avoiding the attenuation of the high frequency signals. 
For example, in internal spring configuration probes, the 

55 compressed length (also referred to herein as the "solid 
length 1 ) of the spring is limited by the barrel length minus 
the length of the plunger enlarged bearing section, mi- 
nus the length of the barrel between the crimp and the 
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barrel open end and minus the distance ofplunger travel. 
Since the diameter ot the spring is limited by the diam- 
eter of the barrel which is limited by the diameter of the 
cavities In the test sockets, the only way to increase the 
spring volume for increasing the spring operating life , as 
well as the spring force, Is to Increase the overall barrel 
length. Doing so, however, results in a probe having an 
electrical Interconnect of increased length resulting In 
the undesirable attenuation of the high frequency sig- 
nals. 

[0010] Typically for a given application a given spring 
compliance is required. Probe spring compliance is de- 
fined by the distance of spring extension from its fully 
compressed position to its fully extended position in the 
probe. Consequently, with conventional probes the vol- 
ume of the spring Is limited by the required compliance. 
A longer spring incorporated in a conventional Internal 
or external spring probe will reduce the plunger stroke 
length and thus, reduce the distance that the spring can 
extend from a fully compressed position. Thus, for a giv- 
en probe, as the spring compliance Increases, the 
spring volume decreases and so does the spring oper- 
ating life. 

[001 1 ] An alternative type of conventional probe con- 
sists of two contact tips separated by a spring. Each con- 
tact tip is attached to a spring end. This type of probe 
reltes on the walls of the test plate or socket cavity Into 
which it is inserted for lateral support. The electrical path 
provided by this type of probe spirals down the spring 
wire between the two contact tips. Consequently, this 
probe has a relatively long electrical interconnect length 
which may result Is attenuation of the high frequency 
signals when testing integrated circuits. 
[00121 Thus, It Is desirable to reduce the electrical In- 
terconnect length of a probe without reducing the spring 
volume. In addition, it Is desirable to Increase the spring 
volume with out decreasing the spring compliance or the 
electrical interconnect length. Moreover, a probe Is de- 
sirable that can be easily manufactured and assembled. 
[0013] An external spring probe is provided having a 
shorter length than conventional probes without sacri- 
ficing the probe spring operational life and compliance. 
Moreover, a probe is provided that can be easily manu- 
factured and assembled. In one embodiment, the probe 
of the present invention consists of two separate sec- 
tions each having a tip and a flange. A contact compo- 
nent, preferably a semi-cylindrical contact component 
extends from each probe section opposite the tip. The 
two contact components contact each other. A spring is 
sandwiched between the two flanges and surrounds the 
two contact components. Each flange can be any sur- 
face on a section of the probe which can support the 
spring. In an alternate embodiment, the first contact 
component is a barrel while the second contact compo- 
nent is a bearing surface. The bearing surface is slidabty 
engaged to the inner surface of the barrel. Both of the 
aforementioned embodiment probes are fitted into cav- 
ities formed on test sockets ortest plates which are used 



during testing of an electronic device. The circuit board 
to be tested Is typically mated to one side of the socket 
or test plate such that the board contact points come In 
contact with the probe tips. A contact plate coupled to 

5 the test equipment to be used for testing the circuit board 
Is mated to the other side of the socket or test plate and 
comes in contact with the second tips of the probes. 
[0014] In another embodiment the probe comprises 
of a barrel, a plunger and a spring. The barrel has an 

w open end for receipt of the plunger. A tip is formed on 
the barrel opposite of the open end. A flange extends 
radially from the barrel near the barrel tip. The plunger 
consists of a contact tip and a stem extending opposite 
of the contact tip. A cylindrical surface or bearing Is 

'5 formed at the end of the stem opposite the tip. The bear- 
ing has a diameter larger than the stem diameter. A 
flange also extends radially from the plunger near the 
plunger tip. A crimping surface is formed between the 
flange and the bearing. 

20 [0015] To assemble the probe, a spring is placed over 
the barrel such that It rests against the barrel flange. Al- 
ternatively the spring is placed over the bearing and 
stem such that It rests on the plunger flange. The bear- 
ing Is then slid Into the barrel until the crimping surface 

25 contacts the open end of the barrel. As the plunger and 
barrel are further moved or compressed toward each 
other, the crimping surface applies a force on the open 
end of the barrel causing the open end to bend Inward, 
or otherwise crimp, reducing the diameter of the barrel 

30 open end. Consequently, the bent or crimped barrel end 
provides a barrier for containing the bearing within the 
barrel. To facilitate bending or crimping of the ban-el end , 
silts may be formed longitudinally on the barrel extend- 
ing to the barrel end. 

35 [0016] In an alternate embodiment, the barrel and/or 
plunger each consist of two portions. Preferably the 
flange and tip of the barrel form the barrel first portion 
while the barrel hollow portion forms the barrel's second 
portion. Similarly, the flange and tip of the plunger form 
the plunger first portion while the stem and bearing form 
the plunger second portion. With this embodiment, the 
bearing is fitted into the barrel hollow portion through 
the barrel open end. The barrel open end is then 
crimped. The spring is placed over the barrel. If a two 

45 piece barrel is used, the barrel first portion consisting of 
the flange and tip Is then attached to the barrel second 
portion. If a two piece plunger is used, the plunger first 
portion consisting of the flange and tip is then attached 
to the plunger second portion. 

so [0017] In yet a further embodiment, slits are formed 
along the barrel and extend to the barrel open end diving 
the barrel open end into sections. At least one section 
Is bent Inward. To form the probe of this embodiment, a 
spring is place over the barrel or plunger bearing. The 

55 plunger bearing is then pushed into the barrel through 
the barrel open end causing the pre-bent section(s) to 
flex outward. As the bearing slides deeper into the barrel 
past the bent sectlon(s), the sections flex back inward 
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to their original pre-bent position and retain the bearing 
within the barrel. 

FIG.1 A Es a side view a prior art probe. 
FIG. 1 B Is a side view a prior art probe. 5 
FIG. 2 Is a cross-sectional view of the probe of the 
present Invention. 

FIG. 3 Is a cross-sectional view of an embodiment 
of the plunger of the probe of the present Invention. 
FIG. 4 Is a cross-sectional view of the probe of the io 
present Invention with the open end of the barrel 
contacting the crimping surface prior to crimping. 
FIG. 5 is a cross-sectional view of the probe of the 
present Invention with the plunger compressed 
against the barrel for crimping the barrel open end. 
FIG. 6 is across-sectional view of the plunger of the 
present invention with the plunger fully biased from 
the barrel by the spring. 

FIG. 7 is a cross-sectional view of the barrel of the 
present Invention having longitudinal silts formed 
on the barrel open end prior to crimping. 
FIG. 8A Is a cross-sectional view of a crimped barrel 
of the present invention having slits. 
FIG. 8B Is a bottom view of the barrel shown in FIG. 
8A. 

FIG. 9 Is across-sectional view of a test socket sec- 
tion housing probes of an embodiment present In- 
vention. 

FIG. 1 0 Is a cross-sectional view of a test socket 
section housing probes of another embodiment of 
the present invention. 

FIG. 1 1 Is a cross-sectional view of a test socket 
section housing probes of a further embodiment of 
the present Invention. 

FIG. 12 is an exploded cross-sectional view of a 
barrel consisting of a hollow portion and a tip and 
flange portion. 

FIG. 13 Is a cross-sectional view of a test socket 
housing probes of yet a further embodiment of the 
present invention. 

FIG.14 Is a cross-sectional view of a test socket 
housing probes of another embodiment of the 
present invention. 

[0016] Referring to FIG. 2, In one embodiment, a 
probe 10 of the present Invention consists of a plunger 
12, a barrel 14 and a spring 16. The barrel includes an 
open end 20. A contact tip 22 extends from the end of 
the barrel opposite the barrel open end. A flange 24 ex- 
tends radially outward from the barrel typically at a lo- 
cation near the tip 22. Preferably, the barrel is made from 
brass and is gold plated, however, other electrically con- 
ductive materials can also be used. 
[0019] The plunger also consists of a contact tip 26. 
A flange 28 also extends radiaily from a location typically 
at the base of the contact tip. The outer surface diameter 
30 of the flange formed on the plunger is the same or 
similar as the outer surface diameter 32 of the flange 



formed on the barrel. The fianges are preferably annu- 
lar. 

[0020] The piu nger has a stem 34 that extends axlaliy 
in a direction opposite the plunger contact tip. An en- 
larged cylindrical surface 36 is formed at the end of the 
stem defining a bearing. The bearing 36 has a diameter 
slightly smaller than the inner surface diameter of the 
barrel. The bearing is preferably solid, but can also be 
hollow. The plunger is preferably made from BeCu and 
is also gold plated. 

[0021] A crimping surface 38 Is formed between the 
plunger flange and bearing. The crimping surface Is 
used to crimp or otherwise bend inward the open end 
20 of the barrel, thereby reducing the diameter of the 
open end. The crimping surface does not extend to the 
perimeter of the plunger flange. The distance between 
the outer edge 40 of the crimping surface and the central 
axis 42 of the plunger should be at least equal and pref- 
erably greater than the inner radius 43 of the barrel. 
Preferably, such distance should be at least as long as 
the outer radius 44 of the barrel. 
[0022] The crimping surface may be annular, I.e., ft 
may span entirely around the plunger. Alternatively, the 
crimping surface may span only a portion of the plunger 
circumference. In such case, multiple crimping surfaces 
may be formed around the plunger. In one embodiment, 
shown In FIG. 2, the crimping surface Is afrusto-conlcai 
surface that surrounds the stem. In another embodi- 
ment, the crimping surface Is a section of a frusto conical 
surface (not shown). In further embodiment, the crimp- 
ing surface 38 may be "IT shaped in cross-section for 
crimping the barrel end by causing It to curl onto itself 
as shown In FIG. 3. 

[0023] A spring 1 6 having an inner diameter 46 great- 
er than the barrel outer surface diameter 44 but not 
greater than the outer surface diameters 30, 32 of the 
flanges is fitted over the barrel and the plunger between 
the flanges. Preferably the spring outer diameter 50 is 
also not greater than the outer surface diameters 30, 32 
of the flanges. The spring is preferably made of 302 
stainless steel but can be made from other materials. 
[0024] The spring inner radius should be longer than 
the distance 52 between the plunger central axis 42 and 
the edge 40 of the crimping surface. To assemble the 
probe, the spring is fitted over the barrel and rests 
against the barrel flange 24. Alternatively, the spring is 
fitted over the plunger bearing and stem and rests on 
the plunger flange 28. 

[0025] The plunger bearing is then slid into the barrel 
such that the spring 1 6 is sandwiched between the bar- 
rel flange 24 and the plunger flange 28. The barrel and 
plunger are moved toward each other such thatthe open 
end 20 of the barrel Is engaged by the crimping surface 
3 8 (FIG. 4). As the barrel and plunger are further 
pressed towards each other during the initial stroke, the 
edges 56 of the barrel open end are forced to bend or 
crimp radially inward by the crimping surface 38 (FIG. 
5). Once the end of the barrel is crimped, it provides a 
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barrier for retaining the bearing 36 within the barrel 18 
as the plunger Is biased by the spring from the barrel. 
[0026] In the embodiment where the crimping surface 
Is a frusto-conlcal surface (see FIGS. 2, 4 and 5), the 
frusto-conical crimping surface provides a radially In- 
ward force on the open end of the barrel as the barrel 
and plunger are compressed toward each other. The 
movement of the plunger toward the barrel Is stopped 
when the bearing contacts the base surface 51 of the 
barrel. Thus, the combined length 58 of the stem and 
bearing as measured from the base of the stem begin- 
ning at the Intersection between the stem and the crimp- 
ing surface can be used to control the amount of crimp- 
ing of the barrel end. For example, the shorter the com- 
bined length, the more crimping that will occur, I.e., a 
longer portion of the barrel end will be bent Inwards. By 
selecting the appropriate combined stem and bearing 
length, the length of the bent portion of the barrel end 
can be controlled so as to not frnpinge on the stem. With 
the self -crimping probes of the present Invention, the as- 
sembly of the probe Is simplified and the time ot assem- 
bly is reduced since separate tools are not required for 
compressing the spring nor are separate tools required 
for crimping the barrel end. 

[00271 In an embodiment where the crimping surface 
does not span entirely around the plunger, the crimping 
surface will onfy crimp a portion of the barrel end. Pref- 
erably, opposite sections of the barrel should be crimped 
for retaining the bearing. This is achieved by having 
crimping surfaces extending opposite each other on the 
plunger. 

[0028] To aid In the crimping, longitudinal slits 60 may 
be formed along the barrel extending to the barrel end 
20 as shown in FIG. 7. Two or more slits equldlstantly 
spaced are preferred. The slits divide the barrel open 
end Into sections 62 and also facilitate the radially in- 
ward crimping of the cylindrical barrel open end surface 
as shown In FIG. 8A. Moreover, when the barrel Is slit- 
ted, the sections 62 of the barrel end between the silts 
can been bent toward each other, thereby narrowing the 
diameter of the barrel end 20 to a dimension smaller 
than the diameter of the bearing and thus provide a bar- 
rier for retaining the bearing within the barrel. These sec- 
tions may also be crimped as shown in FIGS 8A and 8B. 
[0029] In an alternate embodiment, the barrei sec- 
tions 62 are pre-bent inward and/or their ends are pre- 
bent (i.e., p re-crimped) inward prior to engagement with 
the bearing. At least one of the sections and preferably 
all of the sections 62 of the barrel open end defined be- 
tween the slits are pre-bent inward and/or pre-crimped 
as shown In FIGS. 8A and 8B. The barrel end sections 
between the slits can flex. To assemble the probe, the 
bearing Is pushed through the pre-bent and/or pre- 
crimped open end flexing the pre-bent and/or pre- 
crimped sections outward. When the bearing moves in- 
side the barrel beyond the pre-bent and/or pre-crimped 
sections, the pre-bent and/or pre-crimped end sections 
flex back Inward to their original pre-bent and/or pre- 



crimped position so that the pre-bent and/or pre- 
crimped end sectlon(s) provides a barrier for retaining 
the bearing In the barrel. With this embodiment, the 
plunger bearing is "snapped" Into position (n side the bar- 
5 rel. Although It is preferable that all sections are pre- 
crimped and pre-bent, the invention can also be prac- 
ticed with only one section pre-bent and/or pre-crimped 
Inward. 

[0030] in an alternate embodiment, the barrel or 

10 plunger of the probe may each comprise multiple por- 
tions. For example, the tip and flange of a barrel may 
form one portion 200 while the barrel hollow section may 
form a second portion 202 (FIG. 12). The barrel hollow 
portion may have a stud 204 extending from its end 208 

is opposite Its open end 210. The tip and flange portion 
may have an axla! opening 206 formed along the central 
axis of the flange and tip beginning at the flange and 
continuing into the tip. To form the barrel, the stud 204 
is fitted into the opening 206. The stud may be threaded 

20 to the opening or it may be press fitted into the opening, 
or the tip and flange portion may be crimped after the 
stud Is fitted Into the opening causing the inner surface 
of the opening 206 to lock on the stud. Other methods 
of connecting the portions may also be used which do 

25 not incorporate the use of a stud protruding through the 
barrel hollow portion or an opening In the flange and tip 
portion. 

[0031] Use of a multiple portion barrel or plunger al- 
lows for the spring to be fitted overthe barrel and plunger 

30 after the barrel end is crimped. For example, the bearing 
of the plunger may be fitted into the barrel hollow portion 
through the hollow portion open end. The hollow portion 
open end is then crimped. A spring Is then placed over 
the barrel hollow portion and is pushed against the 

35 flange of the plunger. The barrel tip and flange portion 
Is then attached to the barrel hollow portion. Alternative- 
ly, a two portion plunger may be used where the plunger 
tip and flange form the first portion and the stem and 
bearing form the second portion. In such case, after the 

*o barrel open end is crimped retaining the plunger bear- 
ing, the spring is fitted over the plunger and barrel and 
is pushed against the barrel flange. The plunger tip and 
flange portion is then attached to the bearing and stem 
portion. Consequently, with these embodiments, the 

45 spring does not have to be compressed to expose the 
barrel open end to allow for crimping. 
[0032] With the present invention, the spring length 
67 when compressed (i.e., the spring solid height) may 
be longer than the length of the barrei as measured from 

50 the barrel flange surface 64 that supports the spring to 
the barrel open end. Moreover, the uncrfmped length 66 
of the barrel may be shorterthan the length of the spring 
solid height 67 (FIG. 5). With conventional Internal 
spring probes on the other hand, the fully compressed 

55 spring length must be shorter than the length of the bar- 
rel to accommodate the plunger bearing(s). Thus, with 
the present invention a shorter barrel length can be used 
for a given spring length. As such, a shorter probe may 
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be used having a shorter electrical interconnect without 
decreasing the spring length. In addition, because the 
spring is external to the Interconnect, for a given spring 
height, the spring is more voluminous then an Internal 
spring because It has a larger spring diameter and there- 
fore a longer wire length. Moreover, by moving a llange 
closer to its respective tip, as for example, by moving 
the flange 24 closer to the tip 22 of the barrel, as shown 
by the dashed lines in FIG. 5, a longer spring may be 
used further Increasing the spring volume and thus, the 
spring operating life without decreasing the spring com- 
pliance. Similarly, moving a flange closer to Its respec- 
tive tip, allows the length of the probe to be shortened 
without decreasing the spring length and compliance. 
[0033] To ensure that the bearing contacts the Inner 
wall of the barrel so as to provide electrical conduit 
through the Interconnect (I.e., the plunger and barrel) it 
is desirable that the probe is biased laterally, i.e., that a 
bending force is applied to the probe attempting to bend 
the probe along its length. In the present Invention this 
Is accomplished by using a spring whose ends are not 
squared off such that the length 67 of the spring along 
one side of the barrel is longer than the length 69 of the 
spring along an opposite side of the barrel (FIG. 5). This 
is achieved by using a spring which begins and ends at 
the same side of the barrel. In this regard the force ap- 
plied on the plunger by the spring Is greater on one side 
of the barrel (I.e., the side where the spring is longer) 
causing the plunger to extend along an axis skewed 
from the central of the barrel causing the bearing to 
maintain contact with the inner surface of the barrel. 
[0034] An exemplary probe of the present invention 
has a length 68 when fully biased by the spring of about 
0.1 3 Inch as measured from the plunger tip to the barrel 
tip {FIG. 6). The length of the exemplary probe when 
fully compressed is 0.1 inch. The exemplary probe has 
a travel or compliance of about 0.030 inch between the 
barrel and plunger with a spring force of about 1 ounce 
at about 0.020 inch travel. 

[0035] The probes are typically fitted in cavities 100 
defined In sockets (or test plates) 102 (FIG.9). These 
cavities have a diameter 104 to accommodate the 
probes with external springs. At an end face 106 of the 
socket, each cavity narrows to an opening 1 08 to allow 
for penetration by the probB tip. The narrowing of the 
cavities define shoulders 110 Inside the cavities. Once 
the probes are Inserted into the cavities their plunger 
flanges 28 engage the cavity shoulders 110 while their 
plunger tips 26 protrudes beyond the socket through 
openings 1 08. A cover plate 112 plate having openings 
11 4 In the same pattern as the openings 1 08 on the test 
socket is mated to the test socket such that the barrel 
tips 22 of the probe protrude through the openings 114 
of the cover plate. The openings formed on the cover 
plate have a diameter larger than the diameter of the 
tips but smaller than the outer diameter of the flanges. 
Thus, the cover plate engages the barrel flanges 24 
when the probes are extended. Consequently, the sock- 



ets with cover plate may serve to limit thB extension of 
the probes. The probes may also be mounted with their 
barrel tips 22 penetrating the socket openings 108 and 
their plunger tips 26 penetrating the cover plate open- 
s tngs114. 

[0036] With reference to FIG. 1 0, In a further embod- 
iment, the probes of the present invention do not have 
their barrel ends 20 crimped. With this embodiment, 
each plunger Is placed in a socket cavity 100. A spring 

10 16 Is then Inserted over the plunger followed by a barrel 
which Is pushed Into the cavity to externally engage the 
plunger. The cover plate 1 1 2 Is then mated to the socket 
The shoulders 110 formed in the cavities and the cover 
plate 112 serve to keep the probe together. A probe of 

15 this embodiment does not require a separate bearing 
surface. Rather, the stem 34 can act as the bearing sur- 
face for bearing against the barrel Inner walls (FIG. 10). 
With this embodiment, the diameter of the stem is slight- 
ly smaller than the inner diameter of the barrel. 

20 [0037] In yet a further embodiment, the probe consists 
of a sp ring and two separate sections 1 20, 1 22 each hav- 
IngatJp 124 and a flange 126 (FIG. 11). A contact com- 
ponent 128, preferably having a seml-cylindrlcal portion 
129, extends from each probe section opposite the tip 

25 124. Each semi-cylindrical contact portion has a semi- 
cylindrical surface 130 and aflat surface 132. To form 
each probe, the first section 120 Is placed In the socket 
cavity such that Its tip 124 protrudes through the cavity 
opening 108. The spring 16 Is then Inserted over the 

30 contact component and rests against the flange 126. 
The second section 122 is then inserted into the cavity 
with its contact component first such that the flat surface 
132 ot the second section contact component sernl<y- 
Hndrlcal portion mates with the flat surface 132 of the 

35 first section contact component semi-cylindrical portion. 
The spring is sandwiched between the two flanges. 
Once all probes are assembled in the cavities, the cover 
plate 112 Is mated to the test socket such that the tips 
of the second sections protrude through the plate open- 

^o ings. The shoulder 110 formed in the cavities and the 
cover plate again serve to keep each probe tog ether. As 
the probe extends and compresses the flat surface of 
the first section contact component remains in contact 
with the flat surface of the second section contact com- 

45 ponent so as to provide an electrical path between the 
two contact components. Other shapes of contact com- 
ponents may be used. For example, the contact com- 
ponent of each section may be cylindrical, or the contact 
component of the first section may be cylindrical, while 

so the contact component of a second section may be flat. 
The contact components of the two sections forming a 
probe should maintain contact with each other so as to 
provide an electrical path between the two sections thus 
forming an electrical interconnect between the two sec- 

55 tions. It is advantageous to form each probe using iden- 
tical probe sections so as to simplify and reduce costs 
of probe manufacturing. To assist in the mating of the 
contact components, the contact surfaces of the two 
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components should bo complementary although not 
necessarily flat. 

[00381 Instead the cover plate 1 1 2, the contact plate 
(I.e., the circuit board) 113 which Is coupled to the test 
equipment 117 may be used to cover the cavities 1 00. 
The contact plate has contact points 11 5 arranged in a 
pattern to come in contact with the probe section, plung- 
er or barrel tips such as the tips 224 shown In FIG. 13. 
Instead of the contact plate or cover plate, the circuit 
board to be tested may be used to close off the cavities 
1 00 such that the contact points on the circuit board to 
be tested come in contact with the probe tips. 
[0039] Furthermore, the socket may only have cylin- 
drical cavities 300 as shown In FIG. 14. In such case, 
the circuit board to be tested 302 Is mated to one side 
of the socket with Its contact points 304 making contact 
with the probe tips 324. The contact plate 113 coupled 
to the test equipment 11 7 is mated to the opposite side 
of the socket whereby the circu it board and contact pi ate 
restrain the probes within the cavities. 
[00401 As can be seen, all of the aforementioned 
probe embodiments allow for an Increase In the spring 
volume without decreasing the spring compliance, and 
also allow for a decrease In the electrical Interconnect 
length without decreasing the probe spring volume. 
[0041] Although the present Invention has been de- 
scribed and Illustrated to respect to multiple embodi- 
ments thereof, It Is to be understood that It Is not to be 
so limited, since changes and modifications may be 
made therein which are within the full intended scope of 
this invention as hereinafter claimed. The following 
Glauses define features of the invention: 

CLAUSES 

[0042] 

Clause 1 . A spring probe comprising: 

a barrel having an open end and a closed end 
and comprising, 

a tip extending from the closed end, and 

a spring supporting surface extending radially 

outward from the barrel; 

a plunger comprising, 

a tip at one end, 

a spring supporting surface extending radially 
outward from the plunger, 
a stem extending opposite of the tip, 
a bearing portion extending from the stem op- 
posite of the tip and slidably 
fitted within the barrel, wherein the bearing por- 
tion Is wider than the stem, and 
a surface extending radially outward from the 
plunger and toward the 
bearing for engaging the open end of the barrel 
and causing said end to bend radially inward 
for retaining the bearing portion In the barrel; 



and 

a spring sandwiched between the two spring 
supporting surfaces and surrounding the barrel 
biasing the barrel and plunger. 

5 

Clause 2. A spring probe as recited in clause 1 
wherein the barrel further comprises at least one slit 
extending longitudinally to the open end of the bar- 
rel for facilitating the Inward bending of the open 
io end. 

Clause 3. A spring probe comprising: 

a barrel having a spring supporting surface; 
15 a plunger partially extending into the barrel, the 

plunger having a spring supporting surface; 
and 

a spring sandwiched between the two surfaces 
and biasing the plunger from the barrel. 

20 

Clause 4. A spring probe as recited in clause 1 or 3 
wherein the spring when fully compressed extends 
beyond the barrel toward the plunger spring sup- 
porting surface. 

25 

Clause 5. A spring probe as recited in clause 1 , 3 
or 4 wherein the bearing travels a distance relative 
to the barrel during a compression, an extension 
and a stroke of the plunger, and wherein the length 
30 of the spring when fully compressed is longer than 
the maximum distance traveled by the bearing dur- 
ing any stroke. 

Clause 6. A spring probe comprising: 

35 

a first section comprising, 
a tip at one end of the first section, 
a first contact component extending opposite 
the first section tip, and 
40 a flange extending radially outward between 

the tip and the first contact component; 
a second section comprising, 
a tip at one end, 

a second contact component extending oppo- 
45 site the second section tip and in contact with 

the first section contact component, and 
a flange extending radially outward between 
the second section tip and the second contact 
component; and 
so a spring sandwiched between the two flanges 

and surrounding the two contact components, 
wherein the two sections extend and compress 
relative to each other and wherein the first and 
second contact components remain in contact 
55 with each other during said compression and 

extension. 

Clause 7. A spring probe as recited in clause 6 
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wherein the first and second contact components 
comprise seml-cyllndrlcal portions each having a 
flat surface, and wherein the flat surface of the first 
component seml-cyllndrlcal portion contacts the Rat 
surface of the second component seml-cyllndrlcal 5 
portion. 

Clause 8. A spring probe as recited In clause 6 
wherein the two sections are Identical. 

10 

Clause 9. A spring probe as recited In clause 6 
wherein the first contact component Is a barrel hav- 
ing an open end, and wherein the second contact 
component Is a surface slldabiy engaging the Inner 
surface of the barrel through the barrel open end. 15 

Clause 10. A spring probe as recited in clause 9 
wherein the second section comprises a radially ex- 
tending second surface between the second sec- 
tion flange and the surface siidably engaging the In- 20 
ner surface of the barrel, wherein the second sur- 
face engages and crimps the barrel open end dur- 
ing initial compression of the two sections. 

Clause 1 1 . A spring probe assembly for testing cir- 25 
cult boards comprising: 

a socket having a first side, a second side and 
a thickness therebetween and a plurality of cav- 
ities through the thickness forming an opening 30 
on each side of the socket; 
a probe fitted in each cavity, each probe com- 
prising, 

a first section comprising, 

a tip at one end of the first section, 55 

a first contact component extending op- 
posite the lirst section tip, and 

a llange extending radially outward be- 
tween the tip and the first contact component; 
a second section comprising, 40 

a tip at one end, 

a second contact component extending 
opposite the second section tip and in contact 
with the first section contact component, and 

a flange extending radially outward be- 45 
tween the second section tip and the second 
contact component, and 
a spring sandwiched between the two flanges 
and surrounding the two 

contact components, wherein the two sections 50 
extend and compress relative to each other and 
wherein the first and second contact compo- 
nents remain In contact with each other during 
said compression and extension; 
first means at a first side of the socket for re- ss 
stricting the cavity openings at the first side; 
and 

second means at the second side of the socket 



for restricting the cavity openings at the second 
side of the socket. 

Clause 12. A spring probe comprising: 

a barrel having a hollow portion having an open 
end; 

a plunger having a first portion slldabiy engag- 
ing the hollow portion through the open end, the 
plunger having a second portion external of the 
barrel; 

a spring biasing the plunger and barrel; and 
means on the plunger for bending at least a por- 
tion of the barrel open end when the plunger Is 
moved toward the barrel for retaining the first 
portion of the plunger within the barrel. 

Clause 13. A self closing spring probe comprising 
a barrel and a plunger at least partially extending 
into the barrel wherein the plunger Includes a crimp- 
ing surface tor crimping an open end of the barrel 
during the Initial compression stroke of the plunger. 

clause 1 4. A method for assembling a spring probe 
comprising a barrel having an open end and a sur- 
face extending radially outward from a location 
away from the barrel open end, a plunger having a 
bearing portion, and a tip opposite the bearing por- 
tion, and a first surface and a second surface ex- 
tending outward from the plunger between the tip 
and bearing portion, the method comprising the 
steps of: 

placing a spring between the barrel surface and 
the plunger second surface; 
fitting the bearing portion In the barrel; and 
compressing the plunger into the barrel causing 
the first surface to bend at least a portion of the 
open end of the barrel Inward. 

Clause 15. A method for assembling a spring probe 
comprising the steps of: 

introducing a barrel having, 
an open end, 

at least two slits formed on the barrel extending 
to the open end forming at least two barrel sec- 
tions, 

a tip opposite the open end, and 

a first surface for supporting a spring; 

bending at least one section Inward reducing 

the diameter of the barrel open end; 

Introducing a plunger having, 

a bearing portion extending from a stem which 

is narrower than the bearing portion, 

a tip opposite the bearing portion, and 

a second surface for supporting a spring; 

introducing a spring between the barrel surface 
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and the plunger surface; and 
pushing the bearing portion In the barrel 
through the open end causing the bent section 
to flex outward and then Inward when the bear- 
ing Is pushed past the bent section, 

wherein the bent section retains the bearing within 
the barrel. 
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Claims 

1. A spring probe comprising: 

a first section (120) comprising, M 8. 

a tip (124) atone end of the first section, 
a first contact component (128) extending op- 
posite the first section tip (124), and 
a flange (126) extending radially outward be- 
tween the tip and the first contact component; 
a second section (122) comprising, 
a tip (124) atone end, 

a second contact component (128) extending 
opposite the second section tip (124) and In 
contact with the first section contact compo- 25 
nent, and 

a flange (126) extending radially outward be- 
tween the second section tip (124) and the sec- 
ond contact component; and 
a spring (16) sandwiched between the two 
flanges and surrounding the two contact com- 
ponents, wherein the two sections extend and 
compress relative to each other and wherein 
the first and second contact components re- 
main in contact with each other during said 
compression and extension. 

2. A spring probe as claimed In Claim 1 , wherein the 
first and second contact components comprise 
semi-cylindrical portions (130) each having a flat 
surface (132), and wherein the flat surface of the 
first component semi-cylindrical portion contacts 
the fiat surface of the second component semi-cy- 
lindrical portion. 

3. A spring probe as claimed In Claim 1 or 2, wherein 
the two contact components are identical. 

4. A spring probe as claimed in any one of Claims 1 
to 3, wherein the two sections are identical. 

5. A spring probe as claimed in Claim 1 , wherein the 
first contact component Is a barrel (1 8) having an 
open end (20), and wherein the second contact 
component is a surface (36) siidabty engaging the 
inner surface of the barrel through the barrel open 
end (20). 



A spring probe as claimed in Claim 5, wherein the 
second section comprises a radially extending sec- 
ond surface (38) between the second section flange 
and the surface slldabiy engaging the inner surface 
of the barrel, wherein the second surface engages 
and crimps the barrel open end (20) during Initial 
compression of the two sections. 

A spring probe as claimed In any one of Claims 1 
to 6, wherein the two sections extend and compress 
relative to each other along a path, and wherein the 
second section flange Is spaced apart from the first 
section in a direction along the path. 

A spring probe as claimed any one of Claims 1 to 
7, wherein the spring (16) and the two sections 
(120, 122) form a self-retained assembly. 

A spring probe as claimed In any one of Claims 1 
to 8 fitted to a socket (1 02), the socket comprising 
a first side, a second side and a thickness therebe- 
tween and a cavity (100) through the thickness 
forming an opening on each side of the socket, 
wherein said spring probe Is fitted within said cavity, 
wherein a first means (112) at a first side of the sock- 
et restricts the cavity opening at the first side, and 
a second means (106) at the second side of the 
socket restricts the cavity opening at the second 
side ol the socket 



10. A spring as claimed in Claim 9 fitted in the socket, 
wherein the first means (112) is a plate defining a 
first opening having a diameter smaller than the di- 
ameter of the opening formed on the first side of the 

35 socket 

11. A spring as claimed in Claim 9 fitted in the socket, 
wherein the socket (112) comprises a plurality of 
cavities (100) for accommodating said probe. 

40 
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FIG. 3 
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